SECTION 11

MORBI DI TY AND Al R POLLUTI ON

PROBLEMS AND OBJECTI VES

A great nunber of epidem ol ogical studies have suggested that there is a
significant relationship between various norbidity rates and air pollution.
Even in the early 17th century it was quite generally suspected that sulfur
di oxide in coal smoke was responsible for the high norbidity and nortality
associated with the notorious snmoke disasters such as those that |ater occurred
in Belgiums Meuse Valley in 1930, in Donora, Pennsylvania in 1948 and in London
in 1952,

The relationship between air pollution and health can be acute response--
dramatic increases in air pollution concentration exert an inmmedi ate adverse
effect on human health. However, it is well known that air pollutants contin-
uously react dynamcally in the environment. The effect of pollutants on health
shoul d al so be exam ned over an extended period. Lave and Seskin (1973b, p. 17)
remarked that "a long, or chronic exposure to |ow concentrations mght be just
as harnful to health as a short, or episodic exposure to high concentrations. "L/

The diseases which are known to be related to air pollution include the
follow ng: bronchitis and enphysema; pneunonia, tuberculosis and asthma; tota
respiratory diseases; lung cancer; nonrespiratory-tract cancers; and cardiovas-
cul ar diseases. A review of the existing literature on the diseases attributable
to air pollution is given in the follow ng paragraphs for better understanding
of the problens under study.

Bronchitis and Enphysema

Six specific bronchitis rates have been found by Stocks (1959) to be cor-
related with a deposit index and snmoke. This result was corroborated by
Ashl ey (1969) who found a positive correlation between deaths due to bronchitis
and sul fur dioxide and snoke. However, a contrary result was obtained by Burgess
and Shaddi ck (1959) who failed to reveal a significant relationship between bron-
chitis death and air pollution

Hol l and and Reid (1965) and Reid (1968) found that the health status of

postnen was inversely affected by fog and air pollution. Cornwall and Raffle
(1961) found a positive correlation between sickness absence and fog.

1/ A conprehensive literature review on the effect of air pollution on human
health was provided, for exanple, by Lave and Seskin (1975).
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Hi ggins (1966) found |ower peak expiratory flow rate in urban areas than
in rural areas. Hammond (1967) confirmed that heavy snokers in cities suffered
a much higher norbidity rate than those in the rural areas. Ishikawa et al. (1969)
found that the incidence and severity of enphysema was higher in St. Louis than
in Wnni peg, which had a |ower pollution level than St. Louis.

Petrilli et al. (1966) also discovered that the incidence of bronchitis
was signficantly correlated with pollution. Toyama (1964) and Yoshida et al

(1966) confirnmed the positive relationship between bronchitis and pollution

Pneunoni a, Tubercul osis, and Asthma

Stocks (1960) discovered a high correlation between snoke index and pneu-
nmonia mortality. MIls (1943) found substantial correlation between pneunonia
nortality and pollution levels. Significant sanple correlations for pneunonia
nortality and fuel consunption, and for tuberculosis nortality and fuel con-
sunption were reported by Daly (1969).

Sultz et al. (1969) found a significant relation between air pollution

| evel s and the incidence of asthma and eczema anobng boys under 5 years of age.
Yoshida et al. (1969) found that bronchial asthma anong Japanese residents was

proportional to the sulfur dioxide |evels.

Total Respiratory D sease

Skal pe (1964) found that pulp mll workers under 50 years of age exposed
to sulfur dioxide suffered froma significantly |ower maximl expiratory flow
rate. Speizer and Ferris (1963) reported nore prevalent chronic respiratory
di sease in those working in the tunnel for nore than 10 years than for those
with shorter enploynent periods.

W nkel stein and Kantor (1969) discussed a positive reaction between cough
with phl egm and suspended particul ates. However, the association was not found
bet ween cough and sul fur dioxide. Rosenbaum (1961) found that British servicenen
froman industrial region exhibited a greater liability to respiratory diseases.

Feidbert et al. (1967) discovered that total respiratory disease nortality
in Nashville was directly related to the degree of sulfation and soiling. Lepper
et al. (1969) found that total respiratory deaths were related to the |evels of

sul fur dioxide across areas of Chicago with various soci oeconom ¢ variabl es being
control | ed

Lung Cancer

Dean (1966) discovered that |ung cancer death rates are higher in urban
areas than in rural areas. Gardner et al. (1969) found the lung cancer death
rate in nmales is positively related to air pollution when other social and en-
vironmental factors are controlled. Sonewhat inconsistent results regarding the
rel ationship between sulfur dioxide and |ung cancer were obtained by Buck and

Brown (1964).
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St ocks (1966) discovered a significant correlation between |ung cancer and
air pollution. Cemresen and N elsen (1951) reported the lung cancer norbidity

for nales in Copenhagen was about four tines greater than in rural areas in
Denmar k

Manos and Fisher (1959) and Giswold et al. (1955) found that urban |ung

cancer rates are significantly higher than rates in rural or nonnetropolitan
areas. Greenburg et al. (1967) reported correlation between lung cancer and air

pol I ution. However, negative results were obtained by Zeidberg et al. (1967)
and Wnkelstein et al. (1967).

Nonr espiratory-Tract Cancers and Cardi ovascul ar Di sease

W nkel stein and Kantor (1969) found that stonmach cancer nortality was
twice as high in high pollution areas as in |low pollution areas.

Levin et al. (1960) discovered that the incidence rate for both sexes for

each of 16 categories of cancer was higher in urban than in rural areas. Contrary
results have also been reported by Geenburg et al. (1967a), anpng ot hers.

Hi gher incidence rates of cardi ovascul ar diseases in urban than in rura
areas were reported by Enterline et al. (1960). Zeidberg et al. found heart dis-
ease rates were correlated with air pollutants in Nashville. Mnos and Fisher
(1959) also found positive relationships between heart disease and air pollution

The results of many of the epidem ol ogical studies discussed above indicate
that incidence rates of various kinds of diseases are generally much higher in
the urban areas than in the rural areas. Many of these disparities in norbidity
rates between urban and rural areas can be attributed to air pollution. The ratio
of urban incidence to rural incidence of norbidity has been termed the urban
factor. This urban factor has been used for estimating health damage due to air
pollution. The rationale for the urban factor technique is that if air pollution
| evels in the urban areas could be reduced to the rural levels, then the dif-

ferences between the urban and rural norbidity rates adjusted for snoking, age,
sex, and race should be elim nated

The crucial question is what portion of this urban factor is attributable
to air pollution. In a pioneering study of air pollution damage, Ridker (1965)
assuned that 100 percent of the urban factor is attributable to air pollution
and derived a damage value of $2 billion for 1958. WIlianms and Justus (1974)
assuned that a minimum of 10 percent and a maxi mum of 50 percent of the urban
factor is due to air pollution and estinated that the total 1970 nati onw de
health cost due to air pollution was between $62 nillion and $311 million. The
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figures are much lower than the estimate of $6.22 billion for respiratory dis-
ease in the United States.l/ The danmage estimates derived by using the urban
factor of health deterioration due to air pollution are apparently subject to
a large margin of error because of the difficult assignnent problem of the ur-
ban factor. The urban factor method is also replete with several other concep-
tual and practical difficulties. For exanple, the distinction between urban
and rural pollution levels is hard to define because there exists a continuous
scale of pollution intensity instead of a sinple dichotony between urban and
rural pollution levels. Thus, after all, the question as to what percentage of

this urban factor is actually accounted for by air pollution remains largely
unresol ved

A recent study perforned by Shy et al. (1974) on the Community Heal th and
Environnental Surveillance System (CHESS) examnined the adverse effects of air
pollution on acute and chronic respiratory disease. The nethodol ogi cal proce-
dures enployed in the CHESS study involve statistical analysis with varying pol-
lutant gradients and concentration |levels. Each CHESS set which consists of a
group of communities selected to represent an exposure gradient for designated
pol lutants generally includes Hi gh, Intermediate, and Low exposure communities.
The community selection is subject to the following criteria: The comunities
have simlar clinmates and are nade up of a predomnantly white, mddle-class
popul ation with as much honpgeneity in soci oecononm ¢ and ot her denographic fac-
tors as possible. The research findings point to a clear trend toward excess
illness in the H gh exposure community.

Since the national and regional annual damage cost figures greatly assist
policynakers in determning optinmal pollution control strategies, the effort
to derive a set of internally consistent and relatively accurate damage estinates
is warranted. The prinmary purpose of this study is to derive such danage esti -
mates. Specifically, physical and econonic damage functions will be derived re-
lating norbidity rate and nmorbidity costs to air pollution, socioecononc, denp-
graphic, and climatol ogical variables. The norbidity damage costs will be esti-
mated for the 40 SMSA's included in the preceding section on nortality and air
pol | ution.

The bal ance of this section, which represents an exploratory effort to
estimate norbidity dose-response functions for adult norbidity damage costs
for the 40 SMSA's selected in our study, discusses the follow ng subjects:

1/ For a detailed discussion on some of the problens in using the urban factor
for calculating health costs, see J. R WIlliamand C. F. Justus, "Evalu-
ation of Nationwi de Health Costs of Air Pollution and Cigarette Snoking,"
Journal of the Air Pollution Control Association (Novenber 1974), pp. 1063-
1066. The figure $6.22 billion was derived by WIliam and Justus by ad-
justing Ridker's value of $2 billion for 1958.

44



Envi ronmental Danmage Functions: Sonme Theoretical Underpinnings, Adult Mrbidity

and Air Pollution, Adult Mrbidity Damage and Sul fur Di oxide, Econoni ¢ Damages
and Econonic Damage Functions, and Adult Mrbidity Danages and Total Suspended
Particul ates.

ENVI RONMENTAL DAMAGE FUNCTI ONS: SOVE THEORETI CAL UNDERPI NNI NGS

An economi ¢ damage function, which is usually derived on the basis of a
physi cal damage function, is defined, for exanple, by Maler (1974) as the com
pensating variation or the amount the individual (or society) should be com
pensated so as to maintain his initial preference level in the presence of a
deterioration in the environment. This definition is clearly applicable to any

situations in which the effect of environnental degradation enters directly into
the individual's utility function.

We assunme that the consunmer's preferences can be represented by a tw ce
differentiable, concave utility function, defined on rRm+ n

U= UCHA) (111-1)

where C is an mvector representing m private comodities and services, wth
positive conponents indicating consunption, and negative ones, supply of |abor
services. H denotes the health status, which is influenced by air pollution;

A is an n-vector characterizing environmental quality, which is exogeneously
given to the conmunity. H can be viewed as the dose-response function.

Each individual wants to maximze (Il11-1) subject to the follow ng budget
constraint:

PC <Y (111-2)

where P is the price vector associated with C, and Y is the individual's
i Nncone.

The econonic danage function as registered in the conpensation variations
due to changes in the individual's health condition because of changes in A

can be derived by minimzing the total expenditures subject to a given utility
| evel, say U.
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The famliar first order necessary conditions are

= i = lyeee [11-3
o Ui Pi’ 1 ’ sT ( )
where @ is the Langrangean nultiplier.

Solving (111-3) yields the follow ng conpensated demand functions

C = G(P,H(4)3U) (111-4)

The mininmum inconme required to maintain the same utility |evel when one

or several conponents in A changes is denoted byl/
I = I(P,A; U)

Assum ng the individual always exhausts his budget, the econonic damage
function is sinply the difference between (111-5) and the individual's initial
i ncone, Y,

D=1 - Y= (P,H(A); U) (111-86)

Regi onal

econonm ¢ damages and the econonic damage function can be opera-
tionally expressed as:

MBCj= MB(A) x PCJ- + HSJ-(A) x HC; + DUJ-(A) x DC

j : x POP ;

; ; (111-7)

MBC = f(H(E, D, S,WA; e), P) (Ire-8)

where MBC,, denotes total norbidity cost in the jth urban area, MB is the
morbidity |1ate, HS hospitalization rate, DU drug use rate, PC physician
cost, HC hospitalization cost, DC drug cost, and POP is the population in
the area. The notations in equation (I111-8) were defined in Section Il. That is,

1/ Equation 5 was |abeled by Mialer as the expenditure function. The analytical

properties of such expenditure functions are delineated in K. G Mler,
Studies in Environnental Economics, in press.
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E for the econonic factors, D the denographic factors, S the social fac-

tors, Wclimtological factors, A air pollution, e error term and P
the commodity prices.

ADULT MORBIDITY AND Al R POLLUTI ON

Physi cal damage functions on adult norbidity are derived by the classica
| east-squares ‘linear regression technique and the random sanpling, sinulation
techni que. The few aggregated dose-response observations obtained fromthe CHESS
study (1974) formthe data base for the regression analysis in this study. The
dose-response observation reported in the CHESS study related norbidity preval ence
rate to particulates and sulfur dioxide in 1971 for four regions: Salt Lake
Basin, Chicago, Rocky Mountain, and New York.l/

The CHESS communities in the Salt Lake Basin are |located near the ngjor
copper snelter, and the local neteorological pattern provides an area gradient
of exposure to sul fur oxides. The selected comunities include Magna, Kearns
Salt Lake Gty, and Ogden. Magna was designated the high exposure area because
it had a high sulfur dioxide |level due to its proximty to the snelter. Kearns,
Salt Lake City, and Ogden were designated as Internmediate ||, Internediate |

and Low exposure areas. These three cities had a descendi ng exposure gradient
to sul fur oxides

The CHESS communities in the Chicago area include urban core, suburban
areas and the relatively clean area, designated as High I, High Il and Low pol -
lution exposure areas for 1969-1970. The five comunities selected in the Rocky
Mountain area for the CHESS study are Anacenda, Kellogg, East Hel ena, Bozeman
and. Hel ena, designated, respectively, as Hgh I, HighIl, Lowlll, Low | and
Low Il exposure areas. For the New York City area, Riverhead, Long Island was
chosen as a Low exposure comunity, the Howard Beach section of Queens as the
I ntermedi ate exposure comunity, and the Westchester section of the Bronx as
a High exposure community.

The dose-response observations collected fromthe 15 CHESS conmmunities
in the four selected regions are summarized in Table IIl-1. The adjusted
bronchitis preval ence rates expressed in percentages for the selected exposure
areas are presented in Colum 3 of the table. The annual average sul fur dioxide
and total suspended particulates levels for the sane set of comunities are
presented respectively in Colum 4 and Colum 5. It should be noted that the
bronchitis preval ence rates presented in the CHESS report for Uah, Rocky Mun-
tain and New York were adjusted for snoking status (e.g., nonsnoker, ex-snoker
and snoker) and sex (e.g., nother and father), while the rates for Chicago were
adj usted for education level, race and snoking status.

1/ For a general description about the EPA's CHESS Program see Shy and Finkles
(1973).
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TABLE I11-1. MORBIDITY DOSE - RESPONSE OBSERVATIONS

Adjusted Bronchitis Pollution Levels (ug/m)

Area Community Prevalence Rate (%) SO, (1971) TSP (1971)
Salt Lake Basin Low 6.71 8 78
Intermediate | 6.92 15 81
Intermediate 11 8.54 22 45
High 10.77 62 66
Chicago Low 25.97 19 71
High 1 25.30 96 155
High 11 21.22 217 103
Rocky Mountain Low | 1.78 10 50
Low 11 5.10 26 45
Low |11 4.88 67 115
High I 4.23 177 65
High 11 3.98 374 102
New York Low 9.17 23 34
Intermediate | 16.49 51 63

Intermediate 11 13.93 51 86




The adjusted bronchitis preval ence rates were regressed on the two pollut-
ants to derive the dose-response functions for Salt Lake Basin, Chicago, Rocky
Mountain and New York separately by the |east-squares technique. The regression
results are summarized in Table II1-2. The regression fit between nogbidity and
SO_ for New York, Chicago and Salt Lake Basin is fairly good, with R~ having
the values of 0.50, 0.88 and 0.94, respectively. Furthernore, SO2 is significant
at the 1 percent level for the New York and Salt Lake Basin regréession equations.
For total suspended particulates, good regression fit was obtained for Chicago
and New York. However, TSP is consistently insignificant in expressing the vari-
ations in norbidity. These regression equations, coupled with the mean val ues
and standard deviations of the pollutants and the norbidity preval ence rates
presented in Table I11-3, were used for a random sanpling and sinulation study

to generate a "national" dose-response function which can be used for estimating
norbidity damage costs in the various SMSA's

ADULT MORBI DI TY DAMAGES AND SULFUR DI OXI DE

Epi demi ol ogi cal studies have denponstrated that deterioration in air quality
results in increased consunption of medical services and, hence, in economc
loss to the pollution victins. To estinmate such danmage |oss for the 40 SMBA' s
and to estimate an average econonic damage function on adult norbidity, a ran-

dom sanpling technique for deriving a "representative" dose-response function
was enpl oyed.

Random Sanpling Sinulation Study and the Physical Danmage Function

"Sinmulation" is the technique of setting up a stochastic nodel of a rea
situation so that sanpling experinments can be perforned upon the nodel (Harling,
1958). Sinmulation study differs fromthe classical sanpling experinent in that
the fornmer involves the construction of an abstract nodel, while the latter in-
vol ves direct experinment with the new data. The term "sinmulation" is often used
i nterchangeably with the term "Mnte Carl 0" technique.

The Monte Carlo technique, which was enployed to generate the "average"
nonl i near dose-response damage function vis-a-vis existing tinme series and cross-
section studies, involves the study of probability nodels. As described by
Di enenann (1966) the Monte Carlo technique can be defined as foll ows:

Assume a system planner can describe each parameter with

a probability distribution. This distribution is then treated
as a theoretical population fromwhich random sanples are
obtai ned. The nethod of taking such sanples, as well as

probl ens which rely on these sanpling techniques, are often
referred to as Monte Carlo nethods.
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TABLE 111-2. ADULT MORBI DI TY LI NEAR DANMAGE FUNCTI ONS

SO
(1) Rocky Mountain

MB (% = 3.84 + 0.001 SO, R2 = 0.016
(0. 94) *(0. 005)

(2) Chicago

MB (5 = 22.14 + 0.018 SO, RZ = 0.50
(2. 49)*(0. 023)

(3) New York

MB (% = 4.2 + 0.21 SOy R? = 0.88
(3.46) (0.08)*
(4) Salt Lake Basin
MB (% = 6.22 + 0.075 SO, R% = 0.94

(0.46)* (0.013)*
TSP
(1) Rocky Mountain

MB (9§ = 2.94 + 0.014 TSP R% = 0.109
(1.84) (0.023)

(2) Chicago

MB (o = 18.42 + 0.05 TSP R% = 0.74
(3.52)* (0.03)

(3) New York

MB (% = 7.19. + 0.098 TSP R? = 0.47
(6.66) (0.10)

(4) Salt Lake Basin

MB (% = 11.97 - 0.05 TSP R2 = 0.23
(4.90)*(0.07)
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TABLE 111-3. MEAN VALUES AND STANDARD DEVI ATI ONS OF THE VARI ABLES

Mean Val ue (}) Standard Deviation (S)

Ut ah
Preval ence Rate 8.2 1.9
S0y 26.8 24. 2
TSP 67.5 16. 3
Chi cago
Preval ence Rate 24.2 2.6
S0z 110. 6 99. 8
TSP 109.6 42. 4
Rocky Mbuntain
Preval ence Rate 4.0 1.3
S02 132.8 150. 8
TSP 75.4 31.4
New Yor k
Preval ence Rate 13.2 3.7
S02 41.2 16.2
TSP 61.0 26.1

A random sanpling experiment was performed on the four sanple regions in
this study for deriving an "average" norbidity dose-response function. These
four sanple regions were constructed in the two di nensional space with the aid
of the four regional dose-response functions shown in Part | of Table I11-2,
coupled with the data on the mean values and the standard deviations of the
dependent and independent variable (see Table II1-3). The four regional blocks
are shown in Figure I11-2, the vertical axis represents the norbidity rate ex-
pressed in nunber of incidences per 100 residents, and the _horizontal axis de-
notes SO, pollutant concentrations |evel expressed in ugﬁn3. For each sanple
bl ock, the height of the block is the difference between the norbidity rate com
puted from the dose-response function with the coefficient of SO_in_the function
taking the value of (b + s) and (b - s), where b is the coefficient nf ngand
s the associated standard error. The width of the block is, however, measured
by the mean value of SO, plus and_minus one standard deviation of the nean,

i.e., (X+ 8) and (X - E) where X denotes the nean val ue of 802 and S the
associ at ed standard devi ati on.

Thus, the four sanple blocks shown in Figure I11-2 were defined on the
basis of the four prior studies regarding the norbidity effect of SO, in the
four different regions. The construction of these four blocks pernits us to
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perform random sanpling experiments. A random sanple of 800 observations

wi th 200 chosen from each bl ock was obtained. To elinminate possible bias

in the probability of being randomy selected resulting from the overl apping
of the blocks, another random sanpling was perfornmed on the basis that two
sorting schemes yield better results than one sorting procedure. A smaller
sanpl e of 81 observations, i.e., 10 percent of 800, was chosen. These 81
observations were used to develop a nonlinear "average" dose-response function
specified alternatively as foll ows:

MB = G + EXP (a-b/S0, ) (111-9)

or
MB - C = EXP (a-b/SOz)

(MB-C) = a-b/s0, (111-10)

As in the nortality study reported in Section Il, the physical dose-
response function in this norbidity study is again expressed as an exponentia
function which is consistent with a priori judgment and enpirical results of
nedi cal experts regarding plausible hunman dose-responses to changes in pollution
| evel s. The geonetrical counterpart of this exponential relation is a long flat
"S" curve, inplying that while the air pollutant contributes to the norbidity
incidence rate, the dammging effect is not proportional. In the presence of in-
creased SO, level, the norbidity rate initially increases at an increasing rate

and continues to increase, but at a decreasing rate after a certain inflection
| evel .

Unlike the nortality study in which the intercept term C, conventiona
nortality, is expressed as a function of a nurmber of socioecononic, denbgraphic
and climatol ogical variables, no such conventional norbidity function was esti-
mated due to the lack of a systematic collection of norbidity data by the var-
ious SMSA's. O necessity, the Ctermin equation (I111-9) above is assuned
to take the value of 11 since 11 is the arithmetic nean of the norbidity rates
calculated from the four regional dose-response functions with the explanatory

variable, S0, being at the threshold of 25 pg/nf for the sake of consistency
with the ear%ier mortality study.

In estimating equation (111-9), the classical |east-squares technique was
applied. Since (MB - 11) may be negative, and the logarithm of a negative nunber
is undefinable, (MB - 11) was therefore squared prior to its logarithm transfor-
mation. The resultant regression equation was then adjusted by dividing the co-
efficients by 2. A detailed discussion on the rationale of this procedure was
presented in Section II.
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The regression results for equation (111-9) ook as follows:

(0.11)% (1.99)% (111-11)

R2 = 0.072

The figures below the coefficients are standard errors, with * indicating
that the coefficient of 80, is significant at the 1 percent |evel. However,
the pollution variable SQ explains only about 7 percent of the variations in
the residual norbidity rate, i.e., (MB - 11).

A linear norbidity equation was also fitted, with the regression result
shown as follows:

MB = 12,06 - 0.01 302
(1.28)* (0.01) (111-12)

R2 = 0.011

Conparing the result of equation (Ill1-11) to that of (I11-12) the exponen-
tial dose-response function is apparently a better fit than the linear one be-
cause the former showed an explanatory power seven tines larger than the latter
equation. Furthernore, the coefficient of SO, in the exponential equation is
statistically significant, whereas it is ins?gnificant and has a wong sign in
the linear equation. Thus, the enpirical results suggest that the nonlinearity
in the dose-response relation is nore consistent with a priori judgment regard-

i ng human health responses to pollution doses.

To recapitulate, the nethodol ogi cal procedures for estimating the dose-
response function between norbidity rate and 802 are summarized as follows:

a. On the basis of the norbidity - SO, observations available for the
four regions in the United States, a total of four regional norbidity dose-
response functions with respect to Sozmere derived via the classical |east-
squares regression technique.

b. Utilizing these four dose-response functions together with the in-
formati on on the nean and standard deviations of the two variables, four blocks
in the two-dinensional norbidity pollution space were constructed for random
sampling experinents. A total of 800 random observations was taken in the first
round experinent, among which a smaller size of 8 observations were again ran-
domy selected for anal ytical purposes.
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c. These 81 randomy sel ected observations were fitted to an exponen-
tial reciprocal equation to derive an "average" dose-response function for the
four regions.

Like the nortality dose-response function, the nonlinear norbidity dose-
response function has a nunber of distinguishing features: (1) the nonlinear
dose-response function is not only nore in accord with a priori judgnent re-
gardi ng human norbidity response to pollution doses, but also it is nore anen-
able to being adjusted with whatever the assuned threshold |evel of SO, is in
estimating the econonic damages than the linear functions; and (2) for the pur-
pose of predicting and estimating the marginal norbidity damages due to SO_,
the nonlinear equation has shown better fit and hence, will yield nore acCurate
prediction over the |inear one.

Econoni ¢ Damages and Econonic Damage Functions

G ven the preceding nonlinear physical damage function, the econonmic costs
of diseases related to air pollution can be estimated by transformng the addi-
tional norbidity rate into monetary units. Economi c damages of norbidity, as
di scussed earlier, represent the ambunt that an individual or a society is wll-
ing to spend so as to nmaintain the previous preference level in the presence
of the deterioration of air quality,.

Morbidity damages generally are conprised of two parts: direct and indirect

costs of illness. Included in the direct costs of illnesses are the expenditures
for prevention, detection, treatnment, rehabilitation, research, training, and
capital investnent in nedical facilities. Indirect costs of illness include the

| oss of output to the econony because of disability and the inputed costs such
as opportunities foregone. A conprehensive framework for calculating the direct
and indirect economc costs of illness and disability has been devel oped by Rice
(1966) and others.

Both direct and indirect norbidity costs were estimated in the present study.
Direct norbidity costs were conputed by summing up the costs of physician visits,
hospitalization costs, and drug costs. According to a recent study by Jaksch
(1975), the average cost per physician visit for all ages conbined in 1970 was
$14, and the average cost of a hospital day for all ages conbined was $82. To
estimate total norbidity costs, further information is needed on the average
nunber of physician visits and the average length of hospital stay per pollution-
rel ated disease incidence. A nunber of assunptions were nade to obtain conserva-
tive norbidity damage estimates, as follows: (1) each pollution-related nmorbidity
incidence results in one visit to consult a physician; (2) 1 of 8.3 physician
visits, i.e., 12 percent, results in hospitalization; (3) drug costs run about
50 percent of the physician costs; (4) if hospitalization is required, each
patient stays 1 day in the hospital for treatment .1/

1/ Various information on national data about the number of visits to doctors

and the hospital days stayed per treatnment can be obtained from Public
Heal th Service (1973).
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The conservative nature of both assunptions (1) and (4) |eads to under-
estimations of the nmorbidity costs. The bias could be partially renoved by as-
sum ng a greater nunber of physician visits and a |onger hospital stay, however.
The estimates presented in this study can be regarded as | ow estimtes for nor-
bidity costs. Assunption (2) is based on the cal culated proportion of physician
visits resulting in hospital discharge for four categories of diseases related
to pollution (Jaksch, 1975). The figure 12 percent is the average of such pro-
portions of physician visits in the four disease categories. Assunption (3)
is, however, based on a ratio of total drug costs to total physician costs at-
tributable to the use of oxidation catalyst as estimated by (Jaksch, 1975),
i.e., 11.4/23.2 = 0.5.

The direct norbidity costs attributable to SO2 were estinmated with the aid
of the followi ng formlas:

PCSO2 = $14 x EXP [0.65 - 4.96/(802 -25)] x POP x NPV (I1r-13)
HCSO2 = $82 x EXP [0.65 - 4.96/(802 -25)] x 0.12 x POP x HSD (II11-14)
DCSO2 = 0.5 x PGSOy / (111-15)
wher e PCSO2 = physician cost atttibutable to 502.

HCSO2 = hospitalization cost attributable to 302'

D0302 = drug cost attributable to SOZ'

POP = SMSA popul ation

NPV = nunber of physician visits per incidence

= 1 (by assunption (1))

HSD = nunber of hospital stay days = 1 (by assunption (4))

Recal | the physical dose-response function for SO, as expressed in equa-
tion (111-11) which has an intercept value of 11. If tﬁe exponential termin
equations (I11-13) and (I11-14) is replaced by the value of the intercept of
the dose-response function, then we can derive another set of cost estimates
for norbidity in the absence of 802.

Anot her dimension of norbidity health costs is the indirect conponent re-
garding the changes in earnings and |eisure opportunities because of disability
and debility. A shortcut to estinate the indirect norbidity cost attributable
to pollution was found by applying to the direct norbidity cost a nultiplier
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of 2.4, which is the ratio of the best estinmtes of total indirect net costs and
the total direct costs of norbidity (Jaksch, 1975). Hence, the following formula

was used for estimating the indirect norbidity costs attributable to Soz:

IMBCSO2 =24 x (P0802 + H0802 -+ DCSOZ) (I11-16)

The estimted nDrbidiEy costs for the 40 SM5A's with an SQ level equa
to or greater than 25 pg/m~, i.e., the threshold level, are presented in Table
[I1-4, Colums 1, 2, and 3 present, respectively, the physician costs, hospita
costs and drug costs attributable to SO . Indirect norbidity costs due to SO
are presented in Colum 4. It should be noted that the figures in Colum 4 are
2.4 times the sumof Colums 1, 2, and 3. Total norbidity costs due to SO, cal -
culated by sumring Colums 1, 2, 3 and 4 are presented in Colum 5, and per
capita total norbidity costs are in Colum 6. Total norbidity costs in the
absence of SO direct and indirect, are presented in Colum 7. The cost figures
in this colum were estinmated with the aid of equations (111-13) to (I11-16)
with the nodification of replacing the exponential termby the intercept term
of the dose-response function. Finally, Colum 8 presents the ratio of tota
morbidity cost attributable to SO, to total norbidity cost with and without SO,,
that is, Colum 8 = Colum 5/(Column 5 + Colum 7). The extent of pollution
danmage to human health is partially reflected by the magnitude of this ratio.

Upon exam nation of the low estimates of norbidity costs in Table III-4,
it is readily revealed that the annual norbidity costs due to SO, range from
a mnimmvalue of less than $1,000 in C ncinnati, Dayton, Evansville and
Johnstown to a maxi mum of $22 million in New York City. Per capita norbidity
costs attributable to SO in 1970 vary between cost of negligible magnitude to
$1.96 in New York City. Total norbidity damages attributable to SO. over the
40 SVBA's were at least $99 nillion in 1970. 2

It should be stressed that the cost figures presented in the table repre-
sent |ow estimates for the norbidity damages due to the two conservative as-
sunptions nade for the calculation of the costs. If five instead of one is the
average number of doctor visits, and the average nunber of days in the hospita
is 5 days rather than 1 day per pollution-related disease incident, then by
assumng the same costs incurred per visit to consult doctors and per hospita
day for treatnent, the cost figures in Colums 1 to 7 should be revised accord-
ingly. In other words, the direct and indirect norbidity costs and the per cap-
ita total nmorbidity cost attributable to SO, should be five tines as large as
the | ow cost estimates calculated for the A's

An "average" econonmic damage function was derived for the purpose of predict-
ing marginal and average changes in the norbidity costs in response to changes
in the pollution or in other variables. The norbidity cost in the presence of
80,, which is the sumof norbidity costs due to SO, and norbidity cost in the
absence of pollution, was regressed on a host of socioeconom c, denpgraphic and
climatol ogical variables. The stepwi se regression results are shown as foll ows:
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TABLE I11-4. MORBIDITY COSTS WTH s02 BY SMSA's, 1970

Indirect
Morbidity Costs Total Morbidity
Direct Morbidity Costs Due Due to $0, Morbidity Cost Due Cost Ratio
to S02 (in $103) (in $107) to 509 Without S02 (in $103) (8)=(5).({5)+(7))
SMSA PCS0, HCS0, DC502 IMBCSO, Total Per Capita
1) ) 3) (%) (5) (in $103)  (6) ($) (€)] (8)

1 AKR 151 106 75 796 1127 1.66 7834 0.13
2 ALL 125 88 62 660 935 1.72 6269 0.13
3 BAL 468 329 234 2474 3505 1.69 23883 0.13
4 BOS 323 227 162 1708 2420 0.88 31763 0.07
5 BRI 75 53 38 397 563 1.44 4500 0.11
6 CAN 37 26 19 196 277 0.74 4293 0.06
7 CHA 5 4 3 27 39 0.17 2647 0.01
8 CHI 1775 1248 888 9386 13200 1.91 80240 0.14
9 CIN -- -- .o - - - 15973 -
10 CLE 487 343 244 2577 3651 1.77 23809 0.13
11 DAY -- - .- -- -- - 9807 --
12 DET 769 541 385 4066 5760 1.37 48280 0.11
13 EVA -~ .- - - -- -- 2685 -
14 GAR 146 103 73 773 1095 1.73 7305 0.13
15 HAR 152 107 76 806 1142 1.72 7656 0.13
16 JER 148 104 74 782 1108 1.82 7027 0.14
17 JOH .- == - -- -- -- 3031 .-
18 1AW 52 36 26 274 389 1.67 26381 0.13
19 1LOS 1149 808 575 6075 8607 1.22 80920 0.10
20 MIN 332 233 166 1756 2487 1.37 20919 0.11
21 NHA 69 48 34 362 513 1.44 4120 " 0,11
22 NYO 3021 2123 1511 15900 22600 1.96 133280 0.14
23 NEW 329 231 165 1741 2467 1.33 21414 0.10
24 NOR 1280 900 640 7 10 0.01 7850 -—-
25 PAT 70 49 35 369 522 0.38 15673 0.03
26 PEO 643 452 322 3 5 0.01 3944 .-
27 PHI 1188 835 594 6280 8897 1.85 55420 0.14
28 PTB 551 388 276 2916 4131 1.72 27696 0.13
29 POR 2 1 1 10 14 0.01 11639 --
30 FRO 218 153 109 1150 1629 1.78 10530 0.13
31 REA 29 21 15 156 221 0.74 3419 0.06
32 ROC 117 32 58 616 873 0.99 10181 0.08
33 STL 455 320 228 2407 3410 1l.44 27255 0.11
34 SCR 23 16 12 123 174 0.74 2700 0.06
35 SER 131 92 66 694 982 1.85 6112 0.14
36 TRE 40 28 20 212 301 0.99 3506 0.08
37 Was 612 430 306 3238 4587 1.60 33001 0.12
38 WOR 40 28 20 214 303 0.88 3975 0.07
39 YOR 39 27 19 204 290 0.88 3801 0.07
40 YOU 53 37 27 282 399 0.74 6182 0.06
Total 15,104 10,617 7,558 69,637 98,633 . 783,202

Note: -~ denotes less than $1,000.
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TMBGCSO, = 52.4 + 0460 SO, - 135.,0 PWPO + 1.4 SUN + 1.3 RHM -

2 (80.3) (0.09)%2 (67.9)% (0.7)%%  (0.6)%
0.3 DTS + 0.09 PCOL + 34.4 AGE (rr-17)
(0.2) (0.10) (310. 4)

R% = 0.73

where TMBCSO2 denotes the morbidity cost in the presence of SO, ,and all
seven explanatory variables are the same as those defined previously in Sec-
tion Il. The values below the coefficients are standard errors, with * and **

to indicate that the coefficients are significant at the 1 and 5 percent level,
respectively. AIll coefficients and the corresponding standard errors are re-
duced by a factor of 10°. It should be pointed out that the primary use of equa-
tion (I11-17) is only for prediction. "Wrong" signs as well as other statistical

guestions do not constitute a great problem if they are understood and accounted
for.

In predicting and estimating the responsiveness of morbidity damages to
changes in any one of the explanatory variables, the partial elasticity of the
morbidity cost with respect to the variable of interest merits some discussion.
Suppose a policymaker would like to estimate what the marginal changes will be
in the morbidity cost if the pollution level of SO, in the SMSA's is lowered,
on the average, by, say, 1 percent. In order to aid this policymaker to make
the prediction, the partial elasticity of the morbidity cost with response to
SO2 (EMCB,SOZ) is calculated as follows:

6 6
EMBC,SOZ = 0.6 x 10 x (47.95/22.7 x 10°) = 1.27 (111-18)

6
where (0.6 x 10 ) is the coefficient of SO, in the economic damage function,
and 47.95 and (22.7 x 106)are, respectively, the mean level of SOzand total
morbidity cost.

In view of the SO_ partial elasticity value of 1.27, the estimated morbidity
cost would decrease by 1.27 percent, for every 1 percent reduction in SO, level,
other things being equal. Stated differently, if the air pollution control program
lowers the SO, level by 4.7 pg/m3 from 47.9 to 43.2 p,g/m3(10 percent reduction),
adult morbidity costs on the average would decrease by $2.72 million, from $22.7
million to $19.98 million. In a like manner, the coefficients of other variables
in equation (I11-17) can be used to compute the partial elasticities associated
with the variables and can be analogously interpreted as conditional marginal
inpact when others are held constant.
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ADULT MORBIDITY DAMAGES AND TOTAL SUSPENDED PARTICULATES

Total suspended particulates are directly harmful to human health. The
poisonous substances or hydrocarbons contained in the particulates may cause
cancer. Other particulates multiply the potential harm of irritant gases. For
example, the interaction of sulfur dioxide gas with particulate matter will
penetrate deep into the lungs and cause much greater harm. Some particulates
expedite chemical reactions in the atmosphere to form harmful substances.

Arsenic, a well-known poison, may also cause cancer. Asbestos fiber is re-
sponsible for chronic lung disease. Beryllium has produced malignant tumors in
monkeys. Cadmium, a respiratory poison, induces high blood pressure and heart

disease. Lead, a cumulative poison, impairs the functioning of the nervous sys-
tem in adults.

Adult morbidity.costs attributable to TSP were estimated by invoking the
same methodology delineated above for deriving morbidity costs due to SO,. The
aggregate dose-response observations relating morbidity rate to TSP are presented
in Table Ill-1, page 48. The observations, obtained from the report on the CRESS
study, were used to estimate four separate regional, dose-response functions
for the four study regions, i.e., Salt Lake Basin, Chicago, Rocky Mountain and
New York. The regression results for the regional dose-response relations are
shown in the lower half of Table I11-2, page 50. The mean values and standard devi-
ations of suspended particulates and the morbidity prevalence rates are pre-
sented in Table 111-3, page 51.

The random sampling and simulation techniques delineated above were again
applied to derive an "average" nonlinear dose-response function relating mor-
bidity rates to suspended particulate levels. A total of 82 observations was
randomly selected in the two-round sampling experiments from the four "blocks"
defined in the two-dimensional morbidity and suspended particulate space as
shown in Figure I11-3. Given these 82 observations, least-squares regressions
were run and the results are shown as follows:

MB = 11 -+ EXP (1.75 -~ (87.7/TSP))
(0.22)* (15.7)* (111-19)

R2=28

Again, the values below the coefficients are standard errors with * to in-
dicate that the coefficients are significant at the 1 percent level. It should
be noted that the intercept term 11 in equation (111-19) is the arithmetic mean
of the morbidity rates calculated from the four regional dose-response functions
with the dependent variable TSP being at the threshold level of 25 ug/m3-

As in the case of 802,(MB - 11) was squared prior to its logarithmic trans-
formation when the regression was run. The coefficients in equation (I111-19)
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were obtained by dividing also the regression coefficients log 2. The coefficient
of TSP in this nonlinear dose-response function

is also statistically significant
at the 1 percent level and has a correct sign.

The direct morbidity costs attributable to TSP were estimated with the aid
of the following formulas:

PCTSP = $14 x EXP [1.75 - 87.7/(TSP - 25)] x POP x NPV (111-20)
HCTSP = $82 x EXP [L75 - 87.7/(TSP - 25] x POP x HSD (111-21)
DCTSP = 0.5 x PCTSP (111-22)

where PCTSP = physician cost attributable to TSP.

HCTSP = hospitalization cost attributable to TSP.

DCTSP = drug costs attributable to TSP.

POP, NPV and HSD are the same as those defined in (I111-13)
and (111-14).

Applying the same multiplier of 2.4 used in the case of SOZ’ the indirect
morbidity costs due to TSP (IMBCTSP) were computed by

IMBCTSP = 2.4 X (PCTSP + HCTSP + DCTSP) (rrr-23)

Morbidity costs for the 40 SMSA's with a TSP level equal to or greater
than 25 p.g/m3 are tabulated in Table Il1-5. Physician costs, hospital costs,
and drug costs attributable to TSP are presented in Columns 1 to 3, and indirect
morbidity costs due to TSP in Column 4. Total and per capita morbidity costs at-
tributable to TSP are presented in Columns 5 and 6. The ratio of total morbidity

cost attributable to TSP to total morbidity cost associated with or without TSP
is given in Column 8.

It should be again noted that the cost figures presented in this table,
as those in the case of SO, , are low estimates for the morbidity damage associ-
ated with TSP. If each pollution-related incidence results in, on the average,
five rather than one visit to doctors, and the patients, if admitted to a hos-
pital, will stay in the hospital for 5 days instead of 1 day, then, by assuming
a constant cost for consuming medical services, the morbidity cost estimates
in Columns 1 to 7 in Table IIl-5 will be magnified five times. Consequently,

the total morbidity costs over the 40 SMSA's for each category (column) will
also increase five times.
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TABLE III-5. MORBIDITY COSTS WITH TSP BY SMSA's, 1970

. Indirect
Morbidity Costs Total Morbidity
Direct Morbidity Cost Due Due to TSP Morbidity Cost Due Cost Ratio
to TSP (in $103) (in $103) to TSP Without TSP (in $103) (8)=(5)-((5)+(7))
SMSA PC TSP HC TSP DC TSP IMBCTSP Total Per Capita

(¢Y)] ) (3) (%) (5) (in 103) (&) ($) (€)) (8)
1 ARK 111 78 56 587 832 1.22 7834 0.10
2 ALL 106 75 53 563 797 1.47 6269 0.11
3 BAL 813 571 406 4298 6089 2.94 23883 0.20
&4 BOS 771 562 386 4077 5776 2.10 31763 0.16
5 BRI 20 14 10 107 152 0.39 4500 0.15
6 CAN 97 68 49 515 730 1.96 4293 0.15
7 CHA 62 43 31 327 463 2.02 2647 0.15
8 CHI 2862 2012 1431 15100 21400 3.07 8240 0.21
9 CIN 378 266 189 1998 2830 2.04 15973 0.15
10 CLE 1010 710 505 5342 7567 3.67 23809 0.24
11 DAY 256 180 128 1352 1915 2.25 9807 0.16
12 DET 1705 1199 853 9016 12700 3.04 48280 0.21
13 EVA 32 23 16 172 243 1.04 2685 0.08
14 GAR 170 120 85 901 1277 2.02 7305 0.15
15 HAR 89 63 45 472 669 1.01 7656 0.08
16 JER 108 76 54 572 810 1.33 7027 0.10
17 Jou 69 48 34 364 515 1.96 3031 0.15
18 1AW 21 15 10 111 157 0.67 2681 0.06
19 1L0s 2208 1552 1104 11600 16500 2.35 80920 0.17
20 MIN 262 184 131 1384 1960 1.08 20919 0.09
21 NHa 23 16 12 124 175 0.49 4102 0.04
22 NYO 2663 1872 1332 14000 19900 1.72 133280 0.13
23 NEW 669 470 334 3537 5011 2.70 21414 0.19
24 NOR 202 142 101 1070 1516 2.23 7850 0.16
25 PAT 65 45 32 342 484 0.36 15673 0.03
26 PEO 53 37 26 278 394 1.15 3944 0.09
27 pHI 742 521 371 3923 5557 1.15 556420 0.09
28 PTB 872 613 436 4608 6528 2.72 27696 0.19
29 POR 193 136 97 1021 14486 1.43 11639 0.11
30 PRO 136 96 68 720 1020 1.12 10530 0.09
31 REA 92 65 46 487 689 2.33 3419 0.17
32 ROC 184 130 92 975 1382 1.57 10181 0.12
33 sSTL 756 532 378 3998 5664 2.40 27255 0.17
34 SCR 110 78 55 584 828 3.53 2700 0.24
35 SPR 45 32 23 238 337 0.64 6112 0.05
36 TRE 36 26 18 192 253 0.90 3506 0.07
37 WAS 598 420 299 3162 4479 1.57 33001 0.12
38 WOR 43 30 21 227 322 0.93 3975 0.08
39 YOR 62 43 31 325 461 1.40 3801 0.11
40 YOU 154 108 77 814 1153 2.15 6182 0.16

Total 18,848 13,251 9,425 99,483 140,981 711,202
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The table reveals that the low estimate for morbidity damages attributable
to TSP range from $0.15 million in Bridgeport to more than $21 million in
Chicago. On a per capita basis, the low damage estimates for morbidity range
from $360 in Paterson, New Jersey to $3,000 in Chicago. Total morbidity dam-
ages due to TSP over the 40 SMSA's were estimated to be at least $140 million
in 1970.

Comparison of Tables Ill-4 and Ill-5 reveals that the morbidity costs as-
sociated with TSP are larger than the costs associated with SO, . The total mor-
bidity cost due to TSP is $141.2 million, while the total morbidity cost attrib-
utable to SO, is $98.4 million. The ratio between these two costs is 1.43. The
larger morbidity cost ,due to TSP is attributable to the fact that the ayerage
TSP level (100.87 pg/m is larger than the average SO, level (47.95 pg/mand
that TSP has a more responsive dose-response function than SOZ.

Note that an important assumption on the independency between SO, and TSP
is made so that we can estimate the damage cost separately. In reality, the
costs of SO, and TSP may be larger than the sum of the two component damages
because of the possible interaction effects between the two pollutants.

However, another note of caution is warranted in interpreting the cost es-
timates presented in this study. The effect of SO_as indicated in the regres-
sion equation may represent the effect of not onfly the single pollutant SO,
but also the effect of other pollutants, say TSP, as well. The prior pollution
studies suggested that the variable SO, may serve as a proxy variable for air
pollution. If this is the case, then the pollution damage estimates yielded by
summing the two computed damages attributable to SO_ and TSP may not necessarily
be smaller than the actual pollution damages, even if the effect of interaction
is accounted for. Whether the sum of the two component damages estimates is
larger or smaller than the actual damages attributable to the concomitant pres-
ence of the two major pollutants depends on the balance of the magnitudes of

the two opposing factors, i.e., the interaction effect versus the double count-
ing effect.

An "average" economic damage function for TSP with respect to the 40 SMSA's
was developed by the least-squares technique. Morbidity costs in the presence
of TSP, i.e., the sum of the morbidity costs due to TSP, and the morbidity costs
in the absence of pollution, were regressed against the same set of socioeconomic,
demographic and climatological variables appearing earlier in the 802 economic
damage function. The regression results are shown as follows:

TMBCTSP= -43 + 0.55 TSP - 131.7 PWPO + 1.3 SUN + 1.2 RHM
(74) (0.09)* (63.3)* (0.7)**  (0.6)*

- 0.2 DTS + 0.07 PCOL + 35.0 AGE
(0.2) (0.09) (289.7) (111-24)

2
R =10.72
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where TMBCTSP denotes the total morbidity cost in the presence of TSP, and

all seven explanatory variables are identical to those defined previously in
Section Il. The values bel ow the coefficients are standard errors, with * and

** to denote that the coefficients are significant at the 1 and 5 percent |evels.

Al cgefficients and the corresponding standard errors are reduced by a factor
of 109,

Since equation (111-24) is devel oped mainly for prediction purposes, the
"unexpected" signs and possible colinearity anong the independent variables
shoul d not present a problemto the use of this equation for estimting TMBCTSP
provided that the signs and the nulticolinearity will persist in the future.
However, the use of partial elasticity between the dependent and the independent
variable with wong signs does cause difficulty in interpreting the results.

Thi s average econom ¢ damage function again is useful for forecasting and
estimting the changes in adult morbidity costs in response to changes in any
of the climatol ogical, denmographic, and soci oeconom ¢ characteristics, and the
suspended particulate variable. The partial elasticity of the morbidity damages
with respect to suspended particulates is computed as follows: ﬁ$CB op = 0.55
x (100.87/708) = 0.08, as neasured fromthe respective nean |evel's dF Fotal nor -
bidity costs and suspended particu@ates. Thus, if the suspendgd particul ate |eve
inthe air is lowered by 10.1 pg/m~ from 100.87 to 90.76 wg/m~ (i.e., 10 percent

reduction) , gross adult norbidity costs on the average woul d reduce by $5.66
mllion from$708 to $702.3 nmillion nationwi de.
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SECTION IV

HOUSEHOLD SO LI NG AND Al R PCLLUTI ON

THE PROBLEMS AND THE OBJECTI VES

In addition to human health, air pollution has also a multitude of damag-
ing effects on material, vegetation, animals, and residential and conmercia
establishments, etc. Ronald Ridker (1967) designed a framework for identifying
and quantifying these damage costs. He suggested that the effects of air pollu-
tion and their costs can be categorized into: (1) cost of direct effects, (2)
adj ustment costs, and (3) market effect costs. The damage costs of human health
derived in the previous two chapters are costs of direct effects of air pollu-
tion. The present section is concerned with the second category; i.e., adjustment
costs or the cost of individual adjustnments to the effects of air pollution.

The best known and the pioneering contribution to the estimation of soiling
| oss due to air pollution is the Mellon Institute Study of the Pittsburgh snoke
nui sance (1913). The $20.00 per capita soiling cost figure of the Mellon Insti-
tute Study has been used as a basis for extrapolating to the $11 billion na-
tional danage estimate. The validity of this danage estimate, often quoted by
public officials, has been questioned by Jones (1969) and others. A serious
problemw th the national danage estimate arises because of the strong assunp-

tion that the air pollution level in Pittsburgh is representative of the entire
nation.

The two studies of quantifying the soiling costs in the Upper Chio River
Valley and Washington, D. C carried out by Mchelson and Tourin (1966) have
also attracted public attention. Their methodol ogy is based on the hypothesis
that significant soiling due to air pollution may be reflected in shortened
tinme intervals between successive cleaning and maintenance operations. M chel son
and Tourin established a positive relationship between frequency of cleaning
operations and the levels of air pollution in both studies. However, the prob-
lems with the sanple survey design and the lack of a statistically reliable
techni que cast doubt on the reliability of their findings. Mchelson and Tourin
(1968) enpl oyed the sane nethodol ogy and estimated the extra househol d soiling
costs due to air pollution in Connecticut. They found that an average househol d
spent about $600 each year for coping with the effect of suspended particul ates,
with the range from $230 per year in Fairfield to $725 per year in Bridgeport.
These cost estimates are conservative since the cleaning operations studied did
not cover the full ganut of operations affected by air pollution.

R dker (1967) conducted interurban studies to determne the relation between
per capita soiling costs and air pollution level for 144 cities in the United
States. Soiling damage costs were approxi mated by per capita expenditures on
| aundry and dry cleaning services. Ridker found that no discernible patterns
between soiling costs and the suspended particulate |levels were detected,
whet her the effects of climate, per capita incone, and price differentials were
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controlled for or not. The problem often encountered in identifying the soiling
damages, as noted by R dker, is that cleaning and maintenance operations are
often undertaken on a rigid schedule which is independent of the location of
the operation. This is especially true for commercial and industrial buildings.
Furthermore, nonpollution factors which could not be controlled for may be im
portant in explaining the cleaning and maintenance procedures.

The primary objectives of this study are threefold: a system of soiling
physi cal danmges functions which relate various types of cleaning frequencies
to air pollution level are derived. The physical damage functions are then uti-
lized to estimate net and gross soiling damage costs for the 148 SMSA's. Finally,
"average" econom ¢ damage functions over the United States metropolitan areas
are devel oped by relating soiling damages to air pollution, demographic, socio-
econoni ¢, and climatol ogical variables. It is hoped that the generalized eco-
nom ¢ damage functions presented in this section are informative and useful for
predicting possible benefits as a result of the reduction in air pollution when
air pollution abatement programs are inplemented.

This section,which represents a first exploratory effort to estimte aver-
age air pollution soiling damage functions and soiling damage costs for the 148
SMBA' s individually, contains subsections: Soiling Physical Damage Function, and
Econom ¢ Danages and Econom ¢ Damage Functions.

SO LING PHYSI CAL DAMAGE FUNCTI ONS

Soiling as a result of falling total suspended particul ates conpels house-
hol ds as well as business and industrial establishments to increase cleaning
activities. Thus, soiling has resulted in extra economc |osses not only to house-
hol ds but to business and industrial firms as well. As noted above, a nunber
of attenpts have been undertaken to identify and quantify the soiling damages
due to air pollution. However, a recent study by Booz, Allen and Hamlton, Inc.
(1970), offers the needed data base for our purpose of developing the soiling
physi cal damage functions.

Sophi sticated and rigorous statistical survey techniques were enployed by
Booz- Al l en researchers. The Renjerdel area around Phil adel phia, Pennsylvani a,
was used as the data gathering area. Frequency of cleaning by the residents was
determned by a carefully devel oped questionnaire containing queries regarding
cl eaning operations and a set of self-referent statements with respect to clean-
ing attitudes. Among the 27 cleaning and maintenance operations, the study shows
that 11 were sonewhat. sensitive to air-suspended particul ate | evels. Because
of the lack of certain needed information for evaluating the costs, only 9 of
these 11 cleaning tasks were considered in this study. A list of these nine
pol lution-related cleaning tasks together with the information on unit cleaning
costs is contained in Table I'V-1
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TABLE |V-1. POLLUTI ON- RELATED TASKS AND THEIR UNIT CLEANI NG COSTS

Tasks Unit Market Value ($)
1 Replace air conditioner filter 1.00
2 Wash floor surface 6.00
3 Wash inside w ndow 0.50
& C ean Venetian blinds/shades 3.50
5 C ean/repair screens 0.20
6 Wash outsi de wi ndows 1.50
7 G ean/repair storm w ndows 2.00
8 Clean outdoor furniture 10. 00
9 Cean gutters 15. 00

A set of physical damage functions was derived via the technique delineated
in Section Il above, which conmbines the sinulation and regression analysis.
The areas under study were divided into four zones according to their air pollu-
tion levels. This breakdown in the study areas allows one to construct four pop-
ulation "blocks" for each pollution-related cleaning task in the two-dinensional
pol lution level and cleaning frequency spaces. For ease of description, let X
and Y denote respectively the suspended particulate |evel and cleaning fre-
quency. The vertices of each "bl ock” then consist of the follow ng four conbina-
tions: [Max X, Max Y]; [Max X, Mn Y]; [Mn X Mx Y]; and [Mn X, Mn Y], where
Max and M n denote the upper and_Lower linmts of the two variables. The annual
average particulate levels (ug/m™)in the four sampling zones were given in the
Booz-Allen report as follows:

Zone 1 X <75
Zone 2 75 <X < 100
Zone 3 100 <X < 125
Zone 4 125 <X
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Thus, the suspended particulate levels, X, vary from 75 p,g/m3 to 100
p.g/m3 in Zone 2 and from 100 p.g/m3 to 125 [\‘(,g/m3 in Zone 3. The upper limit of
X in Zone 1 is 75 p,g/m3 and the lower limit of X in Zone 4 is 125 p,g/m3.Assuming
that 25 }.Lg/m?’ of suspended particulate is the background concentration level
and 175 p,g/m3 is the upper limit in the study areas then the values of Min X
and Max X (in p,g/m3) for the four study zones are tabulated as follows:

Min X Max_X
Zone 1 25 75
Zone 2 75 100
Zone 3 100 125
Zone 4 125 175

The minimum and the maximum values for the dependent variable Y (Min Y
and Max Y) for each zone were calculated by subtracting and adding one standard
error of the mean from the mean value of the cleaning frequency. The computed
values for Min Y and Max Y, the mean frequency of cleaning and the standard er-
ror of the means are presented in Table IV-2.

The Monte Carlo sampling technique, delineated in Section Ill, was applied
to the four blocks for generating a random sample for the regression analysis.
A total of 800 such random observations for each cleaning task were selected.
For the sake of computational simplicity, a smaller random sample, about 20 per-
cent of the 800 random observations, was further obtained. The 160 observations
included in this sample were fitted via both linear and nonlinear least-squares
techniques. The linear fit is more superior than the nonlinear fit in all cases
except for Task 8. The linear regression results for Task 1 through 7 and Task
9 and the nonlinear regression result for Task 8 are summarized in Table IV-3.

ECONOMIC DAMAGES AND ECONOMIC DAMAGE FUNCTIONS

Given the preceding nine physical damage functions for the nine pollution-
related cleaning tasks and the associated unit cleaning costs which were ob-
tained through telephone conversations with various cleaning firms in Kansas
City, the economic costs of soiling or of individual household adjustment to
air pollution can be derived by transforming the increased cleaning frequency
into monetary units, via the following two formulas:,l/

1/ For Task 8, NSCO8 = EXP (0.85 - 0.015/(TSP - 45)) . UC . U . HU and
- GScog = 2 + EXP (0.85 - 0.015/(TSP - 45)) . UC . U . HU.
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TABLE 1V-2. MEAN FREQUENCY, STANDARD ERROR AND UPPER AND LOWER LIMITS OF
FREQUENCY AND SUSPENDED PARTICULATES

Mean Frequency Standard Error

of Cleaning of Means Min Y Max Y Min X Max X
Task 1
Zone 1 0.36 0.06 0.30 0.42 25 75
Zone 2 0.50 0.08 0.42 0.58 75 100
Zone 3 0.30 0.07 0.23 0.37 100 125
Zone 4 0.98 0.34 0.64 132 125 175
Task 2
Zone 1 40.55 0.84 39.71 41.39 25 75
Zone 2 42.06 0.84 41.22 42.90 75 100
Zone 3 42.74 0.98 41.77 43.72 100 125
Zone 4 45.17 0.93 44.24 46.10 125 175
Task 3
Zone 1 10.06 0.61 9.45 10.17 25 75
Zone 2 11.78 0.70 11.08 12.48 75 100
Zone 3 12.74 0.82 11.93 13.55 100 125
Zone 4 18.45 1.10 17.85 20.05 125 175
Task 4
Zone 1 4.04 0.53 3.51 457 25 75
Zone 2 6.17 0.66 5,51 6.87 75 100
Zone 3 9.13 0.91 8.22 10.04 100 125
Zone 4 9.21 0.49 8.22 10.20 125 175
Task 5
Zone 1 0.80 0.07 0.75 0.87 25 75
Zone 2 0.93 0.16 0.77 1.09 75 100
Zone 3 0.79 0.10 0.70 0.86 100 125
Zone 4 1.50 0.32 1.18 1.82 125 175
Task 6
zone 1 4.25 0.35 3.90 4.60 25 75
Zone 2 4.59 0.38 4.21 4.97 75 100
Zone 3 6.17 0.60 5.57 6.77 100 125
Zone 4 10.09 0.88 9.21 10.97 125 175
Task 7
Zone 1 2.07 0.28 1.79 2.35 25 75
Zone 2 1.60 0.23 137 1.83 75 100
Zone 3 2.12 0.39 1.73 251 100 125
Zone 4 3.69 0.63 3.60 4.32 125 175
Task 8
Zone 1 2.50 0.45 2.05 295 25 75
Zone 2 4.29 0.65 3.64 494 75 100
Zone 3 3.52 0.71 281 4.23 100 125
Zone 4 1.19 0.47 072 166 125 175
Task 9
Zone 1 1.12 0.22 091 134 25 75
Zone 2 1.54 0.33 1.21 1.87 75 100
Zone 3 1.35 0.44 0.91 179 100 125
Zone 4 2.80 0.69 2.11 349 125 175
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TABLE 1V-3. SOILING PHYSICAL DAMAGE FUNCTIONS?../

A. Frequency = a + b TSP

Task a b R2
1 0.03 0.00510 0.43
(0.05) (0.00048)*
2 38.6 0.0400 0.80
(0.18) (0.0017)*

3 5.6 0.078 0.76
(0.4) (0.036)*

4 2.3 0.048 0.79
(0.2) (0.002)>

S 0.42 0.0059 0.48
(0.06) (0.0049)*

6 1.00 0.0530 0.74
(0.28) (0.0025)*

7 0.85 0.015 0.48
(0.15) (0.001)*

9 0.27 0.0140 0.55
(0.12) (0.0011)*

B. Frequency = ¢ + e(a-b/TSP)

8 0.67 53.2 0.26
c = 2 (0.10) (7.4)*

a/ The values below the coefficients are standard
errors, with * to indicate that the coefficient
is significant at the 1 percent level.
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NSCO:,L = bi(TSP-45) « UC * U - HU (Iv-1)

GSCO, = a, + b, (TSP-45) * UC * U * HU (Iv-2)
where NSCOi, and GSCO, are, respectively, the net (extra) and gross soiling
damage cost for the ith type of cleaning task. Coefficients @; and by are the
estimated coefficients in the physical damage functions in Table IV-3. i =1

through 7, and 9. Variables UC, U and HU stand for the unit market value, num-
ber of cleaning objects per household and number of households in a metropolitan
area, respectively.

To capture the "real" effect of suspended particulates on soiling damages,
the suspended particulate level was adjusted by a threshold level because a low
level of suspended particulate might have a negligible effect on the household
cleaning activities. A threshold level of 45 p,g/m3 for suspended particulate
was assumed as the background concentration level in this study because the low-
est 1970 annual mean level for total suspended particulates was 46.7 p.g/m3 for
Charleston, South Carolina. Alternative reasonable threshold levels can also
be considered. Other things being equal, a higher threshold level is generally
associated with a lower damage cost, and the marginal changes in the damage cost
in response to a unit change in the threshold level is the value of bi for
the ith type of cleaning task.

Given the data collected for the variables in the formula (I1V-1) and (1V-2)
the net and gross household soiling costs for each of the nine cleaning operations
by the 65 large SMSA's (with population greater than 500,000) in the United States
were derived and presented in Tables IV-4 and IV-6. Similar damage costs for
each of the nine cleaning operations by the 83 medium SMSA's (200,000 to 500,000
people) were presented in Tables IV-6 and IV-7. An examination of the table re-
veals that Chicago, New York, and Los Angeles, in order of magnitude, suffered
the most in terms of total net soiling damages. The net soiling damages in these
three SMSA's in 1970 are, respectively, $516 million, $418 million, and $388 mil-
lion. It is noteworthy that the cleaning activities of Tasks 4 and 6 in response
to air pollution had resulted in an economic damage of about $1,956 million and
$925.7 million, respectively, in the 40 metropolitan areas. These two tasks con-
stitute the largest damage categories among the nine pollution-related clean-
ing tasks.

Per capita net and gross soiling damage costs in the presence of air pollu-
tion for large SMSA's and medium SMSA's for 1970 are presented, respectively,
in Tables I1V-8 and I1V-9. Per capita net soiling costs (PCNSCO) and per capita
gross soiling costs (PCGSCO) are summarized in the second and the third columns
of the tables. These cost figures indicate that the soiling damages attributable
to air pollution in large SMSA's range from $5 per person in San Antonio, Texas,
to $104 per person in Cleveland, Ohio, whereas the net soiling damages in medium
SMSA's vary from less than a dollar per person in Charleston, South Carolina,
to $67.35 per person in Wichita, Kansas. These estimates for individual SMSA's
appear to be compatible with the overall per capita soiling damage estimates
of $20.00 by Mellon Institute and of $200 by Michelson and Tourin.
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TABLE 1Vv-4. NET SOTLING DAMAGE GCOSTS BY LARGE sMsa'sa/

(million $)

NsCco2 NSCO3 NSCO4 NSCO5 NSCOo6 NSCO7 Nsco8 RSC09 INSCO

NSCo1

Large SMSA's

15.5

1.5
3.5

0.9

1
2.5

1.
1

2.9
6.7

6.3
14.0

1.4

3.2

1

AKR, OH

1.

36.4

.2
1.0
3.4
2.0
7.3

2

0.1

4.0
1

0.1

ALB, NY

2.

15

1.5
5.3

.1

2.9
10.1

6.2

1.4
5.0
.1

12.4

AL, NJ

3.

3.8
2.4
9.6

6.1 21.3 0.2
0

3
15.3

0.1

ANA, CA

4,

34.0
137.0

6.2

0.1

ATL, GA

5.

13.4

25.3

0.4

0.3

BAL, MD

6.

68.2
117.0

6.7
11.3

.1

0.2 12.6

.2
10.5

7.7

12.9

0.2

BIR, AL

7.

0.3 21.4 8.1

45.3

0.3

BOS, MA

8.

73.1
516.0

7
50.3

.1
35.9

12.4

.2

28.3

6.6
46.7

8.1

57.5

0.2

BUF, NY

9.
10.

26.2

95.2

201.0

1.2

CHI, TL

57.0
216.0
21

5.5

21

3.5
9.0

1

3.9
15

10.4
40.2

0.2

2

5.1
19

6.3
24.3

0.1

CIN, OR-KY-IN

CLE, OH

11,
12.
13.
14,
15.
16.

.2
.1
5.9
3.8

0.6

85.0

.7

0.5

2

.2

1.5
4.2

3.9
11.2

1.9 0.1

5.5
3.5

2.3
8.2

6.8

0.1

CoL, OH

61.4

3.8
2.4

4.7

0.2

23.7

0.1

DAL, TX

39.4

.7
6.3

4.4 15.2 0.1 7.2
0.2 16.7

20.4

0.6

10.1

0.1

DAY, OH

90.7
294.0

8.8
28.6
0.8

35.3

0.2

DEN, CO

7.8

1.5

54.3
4.3

114.0
3

26.6
0.7

0.9

32.7
2

0.7

DET, MI
FOR, FL

17.
18,

73

.7

23
24

2.3
2.3

1
1

1.6

0.1
0.1

.2
9.3

.1
.2

2

0.1

FOR, TX

19.
20.

.5

4.4

.7

GAR, IN

10.

1.0
1.6
1.6
1.0
5.6

0.5

0.7
1

1.9
3.1

4.0
6.5

6.2

0.9
1.5
1.4
1.0

.1

1
1
1

GRA, MI

21,
22,
23.
24,
25.
26.

16.9

1.0
0.8

GRE, NC

15.8

1

1.

2.9
2.0

10.6

HAR, CT

10.5
58

0.5

0.7
4.0

.1
22.4

HON, HI

3.5

0,2

.2
2.0

6.4
0.9

0.1

HOU, TX

22.7

1.6 1.2

.2
1.8

3.2

0.1

2.5

0.1

IND, IN

.7
17.2

0.9

.7
1.0

3.8

JAC, FL

27,
28.
29.

.7
3.5
3.8

1.2
2

6.7
14

1.5
3.3

34.8

1.9

JER, NJ

36.6
388.0

.2
2.3

.7
71.0

.1
.1

0.1

KAN, MO-KS

108, CA

2.7

150.0

42.8

0.9

30.

56.3

5.5
2.3

6.3 5.1 21.9 0.2 0.2 10.3 3.9
1

2

0.1

LoU, KY-IN
MEM, TN-AR

MIA, FL

31.

23.8

1.5

1.6
1

6.4

0.1

.2
6.0

16.9

.1
1.4
3.9

0.1

32.
33.

15.0

.5
.2
3.6

0.3

.1

2.9
8.0

6.8

.7

43.9

3.0 2.7
1.9

2.6

1

0.1

MIL, WI

34,
35.

36.9

14.4

0.1

MINN, MN

. 9.

stands for the net soiling cost for the ith type of operation, i =1, 2,. .

TOINETSL is the sum of NESOCOf over i and "--" indicates that the figure is less than 0.05.

a/ Nscoi



TABLE 1IV-4 (Concluded)

Nsco2 NSco3 NSCo4 NSCO5 NSC06 NSCO7 NSCO8 NSCO09 INSCO

Nscol

Large SMSA's

28.9

2.8
2.3
40.3

1.7
1.3

25.8

2.0
1.7
28.7

5.3
4.4

0.1
76.3

11

2.6
2.2

3.2
37.4

0.1

NAS, TN

36.
37.
38.
39.
40.

23.9
418.0

2.7 9.3 0.1
161.0

46.0

0.1

NEW, LA

.1

0.3

1.0
0.3

NEW, BY

10.8 112.0

6.3
1

7.8
2.0

43.5 20.6

10.1

12.4

NEW, NJ

28.5

2.8

5.2

0.1

11.0

0.6

L]

0.1

NOR, VA

9.6
34.0

1.0

3.3
1.0

0.3
10.1

6.8
2.4

0.7

1.8
6.3

3.8

0.9

1.2
3.8
1

OKL, OK

41,

1.8
0.1

3.1 0.1

0.1

OMA, NE-LA

PAT, NJ

42.

9.3
104.0

1.8
19.1

3.8
40.4

0.9

.1

43,
44,
45,
46.
47.

5.6
4.1

7.2

6.5
10.2

0.3
0.3

9.4
8.5

13.2

11.5

0.2

PHI, PA-NJ

PHO, AZ

92.8
147.0

9.1

17.2

36.4

10.4

0.2

14.2

8.2

0.4 27.0

57.1

16.3

0.3
0.1

PIT, PA

3.0 30.1

1.8
1.1

2.1

5.5
3.6
4.4

4.9

11.6 0.1

2.7

3.3

POR, OR-WA
PRO, RI-MA

RIC, VA

19.7

1.9
2.3
2.5

1.4
1.7
1.8

0.1

7.7
9.4

10.2

1.8
2.2
2.4

2.2
2.7

48,
49,

1.5
1.6

0.1

0.1

26.5

0.1

3.1

0.1

ROC, NY

S0.

8.8
119.0

0.9
11.5

7.0
1.2

0.2

0.6
8.2
1

1.7
21.7

3.5
46.0

0.8
10.6

1.0
13.1

SAT, MO:IL

SAC, CA
SAL, UT

51.
52,
53.
54,
35.
56.
57.
58.
59.

74

1.7
0.4

.2

3.1
0.8

6.6

1.5
0.4

1.9
0.5

4.3

0.3

1.8
27.5

SAN, TX

70.8

1

6.9

3.9
0.2

4.9
0.9

13.0

0.2

6.3
1

7.9
1.4
4.0

1

0.1

SAN, CA

1.2
3.5

2.3
6.7

4.8
14.0

.1
.2

0.9

SAN, CA

34.8

0.6

2.5

0.1

0.1

SAN, CA

10.0

1.0
1

0.2

1.9

2.3
1.3

4.0
5.0
2.7

.2

SAN, CA

12.1

.2

0.1

0.9

.2

1
0.6

1.4
0.8

SEA, WA

0.2 0.7 6.7

0.5

SPR, MC-CT

60.

27.4

.7
2.4
3.5
8.4
2.2

1.7

1.9
1.7
2.5
6.0

5.0
4.5

0.1

10.6

2.5

3.0
2.7

0.1

SYR, NY~

61.

24,2

1.3
2.1

0.1

9.4
14

.2
3.3
7.8
2.0

0.1

TAM, FL

62.

36.4
85.5

6.7

0.1

4.0
9.7
2

0.1

TOL, OH-MI

63.
64,
65.

5.42
1.4

0.2 15.9

37.7

0.2

WAS, DC-MD-VA

YOU, OH

23.0

1.6

4.2

0.1

8.9

0.1

476.5 182.7 1.662.0 10.6 776.0 284.7 216.8 379.7 2,465.9

9.9

Total




TABLE IV-5. NET SOILING DAMAGE COSTS BY MEDIUM SMSA's

(million §)

NSCO5

INSCO

NSco8 NSCO9

NSco7

NSC06

NScOo2 NSCO3 NSC04

NSCOL

Medium SMSA's

.7

0.7 0.6 0.9

1

.7

0.9

.1

ALB, NM

66.
67.

0.2 0.4

0.3

1
3
1

0.4

ANN, MI

o~

~ o

w
[~ =)

[Tal )
(=3

v N
oCc

L)
-0

.1
1

0.7
0.3

0.9
0.3

AUG, GA-SC

APP, VI

68,
69.

0.5

0.2

0.3

1.9

0.4

0.5

AUS, TX

70,

19.9

1.9
0.3

1

1.4
0.2

.7
0.5

0.1

.7

1

BAK, CA

71.
72.

0.1

0.3

0.3

BAT, LA

3.0
2

0.2 0.1 0.3

0.6

1.2

0.3

0.3

BEA, TX

73.
74,
75.
76.
77.
78.
79.
80,

0.2

0.2

0.4
0.6

1.0

0.2

0.3

BIN,

NY-PA

BRI, CN

3.0

0.3
1

0.2

0.3

0.4

0.9

1.0

2.6

0.1
1

w
[a}

1.3

1.6

CAN, OH

-

=

CHA, SC

0.9
1.4

0.6
1

0.7

3.7
5.7
5.0

0.9
1

CHA, WV

14.6

0.9

1.0
0.9

.7
2.4

1.6
1.4

CHA, NC

12.9

.2

0.8

1.2

CHA, TN-GA

0.5 0.5 0.7 7

1.4
0.6

0.7 2.9
1

0.8

coL, Co

81.
82,

0.1 0.3 3.2

0.2

.3

0.4

0.4

coL, SC

0.7
10.2

0.1

0.1 0.1 0.3 0.1
1

COL, GA-AL

COR, TX

83.
84,

1.0

0.6

0.7

4.0

0.9

1

1.

-~ -
c «
<

(=2 )
o~ O
Ll 'al
- o
T O
- o
0
LR
L

.8
(=
(=T =)
-
© ~
- C
oo
~N o
[
1o
-

D

< <
]
. .
]
< o
(==}
vy O
© ©

75

0.2 0.5 4
1

0.3

0.9

1.9
7

0.4
1.9

0.9

0.5

DUL, MN-WI

ELP, TX

87.

2.0
1.0

0.6

1.4
0.7

3.8
1.9

1

88,
89.
90.

3.9 0.6 10
0.4

2.3

1.1
0.7

ERI, PA
EUG, OR

6.0

0.4

0.5

5.0

0.9 0.3 0.3

2.0

0.9
10.2

0.4

0.5

EVA, IN-KY

FAY, NC

91.

0.1

0.2

0.4
4.9

0.2

0.3
3.0

0.6

92.
93.
94,
95.
96.
97.
98.
99.
100.

2.6
0.5

1.5

0.3
1

1.8
0.4

0.1

2.4

0.5
1

.1

FLI, MI

5.6
19.3

1.0
3.5
1

00

2
7

FOR, IN
FRE, CA

1.3 .2 1.9
0.6

0.4

.1

.7

.1

0.7

.2
5.3
.2
.1

0.3
0.3

.1

2.4
2.0
3.6
3.5
1

0.6

GRE, SC

0.5

0.4
0.6
0.6

1.0

1
1

0.5

0.6

1AM, OH

0.5

.7
.7

0.8
0.9

1.0
1.0

0.3

HAR, PA

0.6

HUN, WV-KY,OH

HUN, AL

7

0.9

.1

0.5

.2




TABLE IV-5 (Continued)

NSCO2 NSC03 NSCO4 NSCO5 NSCO6 NSCo7 NSCO8 NSCO9 INSCO

NScol

.7
10.1

0.9

0.6

0.7
0.7
0.1

1.8
1.9
0.3

3.8
4.0
0.7

1.1 0.9

1.1
0.2

JAC, MS

101,

1.0
0.2

0.6

0.9
0.2
1.3
1.2

0.7

JOH, PA

102.

7

1
15.0

KAL, MI

103,

1.5
1.3

0.9
0.8

10.
0.9
0.5
0.7

5.8

1.7
1.5

0.9

KNO, TN

104.

13.3
7

0.8
0.4
0.7

2.4

.2
3.1
4.1

LAN, PA

105.

.9

1.5

LAN, MI

106.

10.6

1.0
0.3
0.6

1.9
0.6

1.0
0.3

1.2
0.4
0.7

LAS, NV

107.
108.

3.1

0.1

0.2

1.2
2.5

LAW, MA-NH
LITT, AK

6.4

0.3

0.4

1.2

0.6

109.

-t

o~

~t

(=]
-

-

uwy
<r

-
<

wy
[}

o
oy

~
™~

-
<

0.7

0.3

0.1

.1

LOW, MA

111.

4.9
5.5
14.5

1.4
0.7

0.5
0.3

0.5

0.9
0.4

0.3
0.3

6.3
0.4
1.0

1.0
2.7
1.2

0.9
0.7

1.9
2.2
5.6

0.4

0.5
1.3

0.6

0.5
0.6
1.6

0.7

MAC, GA
MAD, WI
MOB, AL

112.
113.
114,

~!
(<)}

6.8
3.5

0.5

2.6
1.4
0.9
0.6

MON, AL

115.

2.1
1.5
8.8
16.9

0.2
0.2
0.9

0.1
0.1
0.5

0.2
0.2
0.1
0.6

1.2

0.4
0.3
1.6

3.1

-

3.4
6.5

0.4
0.2
0.1
0.8
1.5

0.4

0.2
0.2
1.0

1.9

NEW, VA
ORL, FL

NEW, CN

NEW, CN

116.
117.
118,
119.

1.6

1.0

OXN, CA

120.

9.5
7.6
1.4

15.3

0.9
0.7

0.6
0.4

0.7

1.7
1.4
0.3
2.8
2.0
2

3.7
3.0
0.6

0.8

0.7

1.0
0.8

PEN, FL

121.

0.5
0.1

-

PEO, IL

122.

0.1

0.1

0.2

RAL, NC

123.

1.5

0.9

1.0

0.8
0.8

0.7

6.0
4.2

1.4

1.7
1.2

REA, PA

124,

10.9

1.0
1.2

0.7

1.0
1.0
1.0
1.2
1.0
2.1

ROC, IL

125.

11.6

0.7

.1

4.5
4.2

1.3
1.2
1.5
1.2

2.6

SAG, MI

126.

10.8

1.0
1.3
1.0
2.3

0.6
0.8

2.0
2.5
2.0

4.3

SAL, CA

127.

13.4

0.9

5.2
4.2

SAN, CA

128.

0.6
1

0.7

SAN, CA

129,

1.6

0.1

9.2

0.1

SCR, PA

130.




TABLE IV-5 (Concluded)

NSCO3 NSCO4 NSCO5 NSCO06 Nsco7 NSCO8 NSCO9 TNSCO

NSCO2

e

Nscol

11

1.2
0.6

0.8
0.4
0.7
0.1

2.2
1.1

4.6
2.2

1.3
4.2

0.6

SHR, LA

131.

.7
10.8

0.3

0.5

132.

sou, IN

1.0
0.2

0.7

2.0
0.3

1.0
0.2

1.2

0.2

SPO, WA

133.

1.6
2.8

13.0

0.7

STA, CN

134.

0.3

0.2

1.1 0.5
5.1

2.0
4.9

0.3

0.3

STO, CA

135.

1.3
0.5

0.8

0.9
0.4
0.9
0.9
0.4

2.4
1.0
2.3

1.2
0.5
1.1
1.2
0.5

1.4
0.6
1.4
1.5
0.7

TAC, WA

136.

5.2
12.8

0.2
0

TRE, NJ

137.

TUC, AZ

138.

0.8 1.3 13.1
0.6

0.3

2.4
1

5.1

2.3

139.

TUL, OK

.1

140,

UTI, NY

2.3
4.9

== 0.2

0.2

0.4
0.9

0.9
1.9
1.7
10.2

0.2
0.4

0.4

0.3
0.5
0.5

-

VAL, CA

141.

0.5
0.4

2.6
1.9

0.3
2

0.1

0.3
0.3
1.8

WAT, CN

142.

4.3
26.2

1.4

1.1
1.5

0.3

0.8
4.8

0.1
0.1

2.4
1.8

2.9
2.2

WIC, KS

143. WES, FL
144,

~
~

20.0

1.4
1.8
0.4
0.6

3.7

7.8
10.0

WIL, PA
WIL, DE,NJ,MD

WOR, MA

145.

25.9

2.9 2.3 0.1 4.7
0.6

0.7

0.1

146.

6.2

0.6
0.9

1.1

2.4
3.5

147,

9.0

0.5

1.7

0.8

1.0

YOR, PA

148.

84.3 7.4 294.3 1.3 151.7 64.5 58.3 109.2 767.2

1.9

Total
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TABLE IV-6. GROSS_SOILING DAMAGE COSTS BY LARGE SHSAE./
(million $)

Larpe SMSA's ¢scol GSCO2 G5C03 GSCo4 GSCOS GSCO6 GSco7 Gscos GSCo9 IGSCO
1. AKR, OH - 49.4 0.9 14.3 0.1 4.4 2.8 5.0 2.3 79.3
2. ALB, NY 0.1 57.2 1.3 23.3 0.2 8.4 4.5 6.8 4.5 106.0
3. ALL, NJ -- 42.2 0.8 13.2 0.1 4.2 2.6 4.5 2.3 69.9
4. ANA, CA -~ 107.0 2.2 38.9 0.3 13.3 7.5 12.1 7.1 188.0
5. ATL, GA 0.1 103.0 1.8 20.5 0.3 9.5 6.0 10.5 5.0 166.0
6. BAL, MD 0.3 159.0 4.2 78.8 0.6 30.0 14.8 19.7 15.9 324.0
7. BIR, AL 0.2 61.3 1.2 36.1 0.3 14.4 6.8 7.7 7.6 136.0
8. BOS, MA 0.3 212.0 4.5 80.1 0.7 27.9 15.4 24.4 14.8 380.0
9. BUF, NY 0.2 104.0 2.5 45.2 0.4 16.5 8.6 12.5 8.8 199.0
10. cHI, IL 1.3 563.0 15.4 289.0 2.3 111.0 54.5 69.9 59.1 1160.0
11. CIN, OH-KY-IN - 106.0 2.2 39.4 0.3 13.6 7.6 12.1 7.2 188.0
12. CLE, oH 0.5 174.0 5.8 111.0 0.9 45,1 20.7 22.0 23.9 405.0
13. cou, on 0.1 67.8 1.2 19.6 0.2 6.0 3.9 6.8 3.2 108.0
14. DAL, TX 0.2 120.0 2.5 43.5 0.4 14.9 8.4 13.6 7.9 212.0
15. DAY, OH 0.1 65.2 1.4 25.8 0.2 9.2 5.0 7.6 4.9 119.0
16. DEN, CO 0.2 100.0 2.7 51.2 0.4 19.6 9.7 12.5 10.1 207.0
17. DET, MI 0.7 326.0 8.9 166.0 1.3 63.8 31.2 40.4 33.8 672.0
18. FOR, FL -- 52.5 0.8 12.1 0.1 3.2 2.5 4.6 1.7 77.5
19. FOR, TX 0.1 58.4 1.1 18.9 0.2 6.2 3.7 9.6 3.3 98.0
20. GAR, IN 0.1 45.0 1.0 16.8 a.1 5.8 3.2 5.2 3.1 80.8
21. GRA, MI -- 38.1 0.6 10.4 0.1 3.1 2.1 3.7 1.6 59.8
22. GRE, NC -- 45.1 0.8 14.0 0.1 4.5 2.8 4.8 2.4 74.6
23. HAR, CT - 60.8 4.1 16.5 0.2 4.8 3.3 5.9 2.6 95.1
24, HON, HY -- 39.3 0.7 10.8 0.1 3.2 2.1 3.8 1.7 61.8
25. HOU, TX 0.2 147.0 4.8 47.1 0.4 15.2 9.2 15.7 8.1 246.0
26. IND, IN 0.1 82.8 1.4 22.8 0.2 6.8 4.5 8.1 3.6 130.0
27. JAC, FL -- 38.5 0.6 10.3 0.1 3.0 2.1 3.7 1.6 60.0
28. JER, NJ -- 49.8 0.9 15.0 0.1 4.7 3.0 5.2 2.5 81.2
29. KAN, MO-KS 0.1 98.7 1.8 30.7 0.3 9.8 6.0 10.3 5.2 163.0
30. Los, cA 1.0 606.0 1.4 248.0 2.1 89.2 4.7 71.6 47.3 1,120.0
31. LOU, KY-IN - 67.8 1.7 32.3 0.3 12.3 6.1 8.1 6.5 133.0
32. MEM, TN-AR 0.1 55.2 1.1 18.3 0.2 6.1 3.6 6.0 3.2 93.7
33. MIA, FL -—- 100.0 1.5 23.3 0.2 6.1 4.7 8.9 3.2 148.0
34. MIL, WI 0.1 105.0 2,0 34.4 0.3 11.2 6.7 11.3 6.0 117.0
35. MINN, MN 0.1 133.0 2.2 36.9 0.3 10.9 7.3 13.0 5.9 209.0

a/ GSCOy denotes the gross soiling damage cost for the ith type of cleaning operation, 1 =1, 2,. . ., 9,
TGSCO is the sum of GSCOy over i.
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TABLE IV-6 (Concluded)

Large SMSA's GSCO1 GSC02 GSCO3 GSCO4 GSCO5 GSCO6 GScO7 GSCO8 GSCO9 m

36, NAS, TN 0.1 42.3 1.0 18.0 0.2 6.6 3.4 5.1 3.5 80.1
37. NEW, LA 0.1 76.3 1.3 22.1 0.2 6.8 4.3 7.7 3.6 122.0
38. NEW, NY 0.1 939.0 18.2 317.0 2.8 105.0 61.5 103.0 55.9 1,600.0
39. NEW, NJ 0.3 147.0 3.7 67.1 0.6 25.0 12.7 17.9 13.2 288.0
40, NOR, VA 0.1 47.6 1.1 18.8 0.2 6.7 3.6 5.6 3.5 87.0
41. OKL, OK - 49.7 0.8 12.3 0.1 3.4 2.5 4.6 1.8 75.1
42, OMA, NE-IA 0.1 42.0 1.1 19.9 0.2 7.5 3.8 5.1 4.0 83.6
43, PAT, NJ -- 99.9 1.4 21.0 0.2 5.0 4.3 8.6 2.7 143.0
44, PHI, PA-NJ 0.3 354.0 6.0 100.0 0.9 30.2 19.8 32.2 16.1 563.0
45, PHO, AZ 0.2 80.5 2.5 48.7 0.4 19.5 9.1 10.1 10.3 181.0
46, PIT, PA 0.4 192.0 4.8 87.8 0.7 32.7 16.6 23.3 17.3 375.0
47. POR, OR-WA 0.1 82.5 1.5 25.4 0.2, 8.1 5.0 8.6 4.3 135.0
48. PRO, RI-MA 0.1 67.9 1.2 19.1 0.2 5.7 3.8 6.7 3.1 107.0
49, RIC, VA 0.1 40.4 0.9 15.9 0.1 5.7 3.1 4.7 3.0 73.9
50. ROC, NY 0.1 65.6 1.2 21.1 0.2 6.9 4.1 7.0 3.7 110.0
51. SAC, CA - 60.3 0.9 13.8 0.1 3.6 2.8 5.3 1.9 88.8
52. SAI, MO-IL 0.3 183.0 4,2 75.8 0.6 27.3 14.4 21.7 14.4 342.0
53. SAL, UT -- 38.7 0.6 13.0 0.1 4.3 2.5 4.2 2.3 66.1
54. SAN, TX -- 57.0 0.8 11.6 0.1 2.7 2.4 4.9 1.4 80.9
55. SAN, CA 0.2 91.9 2.3 42.1 0.3 15.7 8.0 1.1 8.3 180.0
56. SAN, CA - 99.5 1.4 21.9 0.2 5.5 4.5 8.6 2.9 144.0
57. SAN, CA 0.1 265.0 3.8 59.7 0.6 15.1 12.1 23.1 8.1 388.0
58. SAN, CA - 75.9 1.1 17.0 0.2 4.3 3.5 6.6 2.3 111.0
59. SEA, WA ) - 110.0 1.6 24,0 0.2 5.9 4.9 9.6 3.2 160.0
60. SPR, MC-CT - 38.9 0.6 9.3 0.1 2.5 1.9 3.5 1.3 58.2
61. SYR, NY 0.1 47.4 1.0 18.3 0.2 6.5 3.4 4.4 3.4 86.0
62. TAM, FL 0.1 88.3 1.5 24.4 0.2 7.2 4.8 8.7 3.9 129.0
63. TOL, OH-MI 0.1 53.3 1.3 22.7 0.2 8.3 4.3 6.4 4.4 101.0
64. WAS, DC-MD-VA 0.2 247.0 4.1 70.1 0.6 22.7 13.6 23.3 12.0 364.0
65. YOU, OH 0.1 40.0 0.9 15.4 0.1 5.4 3.0 4.6 2.9 72.4
Total 9.5 8,063.0 169.8 2,967.8 25.4 1,029.7 531.3 883.8 546.6 14,162.8




